We present the results of a mid-infrared survey of 26 asteroids in comet-like orbits, including six Damocloids and six near-Earth asteroids (NEAs). We define a ''comet-like'' orbit as one having a Tisserand invariant T J under 3 (but only including objects that are NEAs or otherwise unusual). Visible-wavelength data were also obtained, so geometric albedos (in the Cousins R band) and effective radii are presented for 25 objects (plus one more with 3 limits) as derived using the NEA Thermal Model. Nine of our objects were observed at two or more mid-infrared wavelengths, and in all cases the low-thermal inertia thermal model was found to be applicable, with various values of the beaming parameter. Our work more than quintuples the total number of observationally constrained albedos among T J < 3 asteroids to 32. Defining the ''comet-like'' albedos as those below 0.075, we find that 64% AE 5% of the sample has comet-like albedos. Objects in comet-like orbits with comet-like albedos are candidates for being dormant or extinct comets. Indeed, one of our targets, 2001 OG 108 , became active again a few months after our observations. We find a very strong correlation between the albedo distribution and T J , with the percentage of dark T J < 3 asteroids being much greater than that of the T J > 3 NEAs. There are 10 NEAs among the 32 objects, and of those, 53% AE 9% have comet-like albedos. With the current crop of NEAs, this implies that about 4% of all known NEAs are extinct comets. A comparison of the histogram of T J < 3 asteroid albedos with that of active cometary nuclei shows that the former has a larger spread.
INTRODUCTION
At the end of its active life, a cometary nucleus can reach dormancy (where activity is very sporadic) and extinction (where activity no longer happens at all). As activity proceeds, the nearsurface volatiles are depleted, and a rubble mantle is built up on the nucleus's surface (Rickman et al. 1990; Kührt & Keller 1994; Benkhoff & Huebner 1996; Jewitt 2002 ). The mantle is porous and a poor thermal conductor, eventually becoming so thick that subsurface volatiles cannot be warmed up to sublimation temperature. The usual orbital cycle of cometary activity ceases, and the nucleus is observationally identical to some asteroids. Hartmann et al. (1982 Hartmann et al. ( , 1987 early on observed similarities in the surface properties of active comets, suspected extinct comets, and primitive asteroids. Observational evidence for cometary extinction is found in 107P/Wilson-Harrington (Bowell et al. 1992; Fernández et al. 1997) , in which activity was detected at the discovery epoch in 1949 but never since.
The disparity between the dynamical timescale and the active lifetimes of the comets (Ö pik 1963; Wetherill 1979; Levison & Duncan 1994 , 1997 Fernández et al. 2002a) implies that there should be a significant population of dormant and extinct comets in the inner solar system, mostly from the ecliptic comet population (i.e., the Jupiter-family comets [JFCs] ). In the last few years several high-inclination, high-eccentricity asteroids-referred to as ''Damocloids''-have been discovered that are likely dormant or extinct members of the isotropic comet population (e.g., Jewitt 2005 ).
Here we address the question of how many dormant or extinct comets are masquerading as asteroids. We have focused on asteroids in comet-like orbits, some of which are near-Earth asteroids (NEAs; defined as having perihelion distance q under 1.3 AU ) and some of which are ''unusual'' asteroids (UAs; inner solar system objects with high eccentricities and/or inclinations but with q > 1:3 AU ). There is no definitive observational test to determine whether a given asteroid is actually a dormant or extinct comet, so we have taken a statistical approach and are determining the albedo distribution of these objects. This method is not perfect, since there are main-belt asteroids with comet-like albedos that are the source for some such objects (Gradie et al. 1989; Bottke et al. 2002; Morbidelli et al. 2002) . Nonetheless, our method provides an important observational test that is independent of dynamical models. We consider an asteroid in a comet-like orbit with a comet-like albedo to be an extinct comet candidate.
In terms of the geometric albedo, p, we define ''comet-like'' based on the currently known distribution for cometary nuclei. Campins & Fernández (2002) and Lamy et al. (2004) reviewed the albedos and found a range of p ¼ 0:02 0:06 from 13 objects (excluding the active Centaurs Chiron [Fernández et al. 2002b] and Schwassmann-Wachmann 1 [Stansberry et al. 2004] ). As we explain in more detail later, we set the upper bound to the ''comet-like'' R-band geometric albedo p R to be 0.075.
In terms of the orbit, our criterion uses the Tisserand invariant T J (Tisserand 1896) ,
where a, e, and i are the semimajor axis, eccentricity, and inclination, respectively, of the object's orbit, and a J ¼ 5:2 AU is the semimajor axis of Jupiter's orbit. This quantity is a constant of motion in the restricted three-body problem and is related to an object's encounter velocity with Jupiter. Most main-belt asteroids have T J > 3, most JFCs have 2 < T J < 3, and Halleyfamily and long-period comets ( HFCs and LPCs) have T J < 2 ( Levison 1996) . Therefore, we declare that an asteroid has a ''comet-like'' orbit if T J < 3, i.e., if the Tisserand value is ''low.'' Note that in all discussion we exclude main-belt objects, Hildas, Trojans, and Cybeles that happen to have T J < 3, since these objects are for the most part dynamically separate. We are only concerned here with NEAs and UAs. As of 2004 December 4, almost 400 known UAs and about 220 known NEAs have T J < 3. This is about 7% of the entire known NEA population. Conversely, of the $260 known JFCs, only 12 (about 4.5%) have T J > 3. The extreme cases are 107P/ (4015) Wilson-Harrington (T J ¼ 3:09) and 133P/(7968) ElstPizarro (T J ¼ 3:18), which certainly have atypical activity behaviors in addition to their unusual orbits.
In this paper we describe radiometric constraints on the albedos p R and effective radii R of 26 asteroids with T J < 3. In x 2 we discuss the observations and reduction of the data, and in x 3 we describe the conversion from photometry to physical quantities p R and R. Section 4 discusses some details of specific objects. In x 5 we discuss our findings in the context of published results on other objects with T J < 3 and other NEAs. Our data bring to 32 the total number of T J < 3 asteroids with observationally constrained albedos.
OBSERVATIONS AND REDUCTION
We observed most of our 26 targets at the Keck I telescope using the Long-Wavelength Spectrometer (LWS) camera (Jones & Puetter 1993) . A few targets were observed at the Keck II telescope using JPL's Mid-Infrared Large-well Imager (MIRLIN; Ressler et al. 1994) and at the United Kingdom Infrared Telescope (UKIRT) using the Michelle camera (Glasse et al. 1997 ). The three cameras had pixel scales of 0B085, 0B138, and 0B21 pixel À1 , respectively, and array sizes of 128 ; 128, 128 ; 128, and 320 ; 240, respectively. Depending on observing conditions and available filters, the objects were observed at wavelengths ranging from 8.9 to 20.8 m. The filters all had bandpass widths (to 50% of peak transmission) that were about 10% of the central wavelength. Visible-wavelength data were collected at the University of Hawaii 88 inch (2.2 m) telescope using a 2100 ; 2068 pixel Tektronix charge-coupled device (CCD) with a pixel scale of 0B22 pixel
À1
. We observed the targets in an R filter that closely approximated the standard Cousins R bandpass. A list of all the observing runs in which data for this project were taken is given in Table 1 . For 19 of our targets, data in the two wavelength regimes (mid-IR and visible) were collected simultaneously. For five others, the data were not simultaneous. For two others, we only have infrared data and visible-wavelength magnitudes that were extrapolated from other published sources.
The infrared data were obtained using chopping and nodding, with a throw of 4 00 at Keck I, 5 00 at Keck II, and 15 00 at UKIRT. Guiding with a nearby star at nonsidereal tracking rates was used for each target. We only used data obtained when sky conditions were photometric. The FWHM of the seeing disk at Keck varied between about 0B3 and 0B4 for narrowband wavelengths near the N band and up to 0B5 for wavelengths near the Q band. At UKIRT the seeing FWHM was 0B7-0B9. Flat-fielding errors were negligible in all detectors, and in any case, we observed standard stars and science targets in the same region of the arrays.
Photometric calibration was done by using a variety of standard stars. The adopted absolute flux calibration is given in Table 2 . For most stars we used Engelke (1992) functions, with parameters taken from work either by Engelke (1992) himself or by Cohen et al. (1996) . For the other stars we used fluxes published by Cohen et al. (1999) , interpolation of magnitudes published by Tokunaga (1984) , or interpolation offluxes collected by Hoffmann & Hora (1999) . We accounted for atmospheric extinction by measuring the instrumental magnitudes of the standard stars over a range of air masses and as near in time as possible to the observations of the asteroids. To maximize the signal-to-noise ratio in photometry we applied aperture corrections based on the radial profiles of the standard stars.
The visible images were obtained while tracking at nonsidereal rates that matched the proper motion of the asteroids. The seeing FWHM varied between 0B7 and 1B0. Flat fields were obtained by combining dithered images of the blank twilight sky. Bias frames were obtained by combining zero-exposure images. Flux calibration, air-mass corrections, and color corrections were calculated by measurements of a variety of standard stars using the magnitudes reported by Landolt (1992) .
On a given night only a limited number of NEAs and UAs with T J < 3 are available. The primary limitation is that an object's mid-IR flux is commonly too faint to be observed from the ground in a feasible amount of time, even with the largest telescopes. Our target list, the orbital characteristics of which are given in Table 3 , reflects the haphazard nature of target availability. Fortunately, we were able to observe a large sample of objects with orbital elements that mimic those of active comets. This is shown in Figure 1 , where we have plotted T J versus D J , the minimum orbital intersection distance ( MOID) with Jupiter. Also plotted are the known active comets and other asteroids.
3 A large majority of our targets overlap the space that is spanned by the comets. It is interesting to note that among objects with 2:6 < T J < 3:0, asteroids have a wide range of D J , while active comets are mostly restricted to D J < 1.
The final values of the photometry are given in Table 4 , along with the number of measurements that were used to obtain each value. Note that we have rereduced the mid-IR photometry of the six objects published earlier by us ( Fernández et al. 2001) , and the values presented here supersede those. We wanted to have all Notes.
-Ellipses indicate wavelengths we did not need for that particular standard star, and F = flux density in janskys at the subscript wavelength in microns. ''Source'' refers to the source of the fluxes: (1) Engelke (1992) function using the parameters by Cohen et al. (1996) ; (2) template file from Cohen et al. (1999) ; (3) Engelke (1992) function using the parameters by Engelke (1992) ; (4) interpolation from the N and Q magnitudes by Tokunaga (1984) ; and (5) interpolation from fluxes reported by Hoffmann & Hora (1999) .
a This flux accounts for the known SiO absorption band in this object's spectrum near 9 m. our asteroid photometry linked to a set of standard star fluxes that is as accurate as possible. For this reason we have updated flux estimates for some standards.
ANALYSIS
The basic radiometric method to obtain an effective radius, R, and geometric albedo, p, is to solve two equations with these two unknowns, first done about 35 years ago (Allen 1970; Matson 1972; Morrison 1973 ) and described in detail by Lebofsky & Spencer (1989) :
where F is the measured flux density of the object at wavelength k in the visible (''vis'') or mid-infrared (''mir''); F is the flux density of the Sun at Earth as a function of wavelength; r and Á are the object's heliocentric and geocentric distances, respectively; È is the phase darkening in each regime as a function of phase angle ; B is the Planck function; is the infrared emissivity; is a factor to account for infrared beaming; and T is the temperature. The temperature itself is a function of p, , , surface planetographic coordinates and , and the (dimensionless) phase integral q, which links the geometric and Bond albedos. For simplicity, and often also for lack of detailed shape information, the modeled body is assumed to be spherical, so all radii given here are ''effective'' radii. Note that T generally depends on 1 À pq, which means that for low albedos the mid-IR photometry is relatively insensitive to the albedo, so the albedo is constrained primarily by the visible photometry alone. The surface map of temperature is calculated using a model of the thermal behavior. Unfortunately, the thermal inertias are largely unknown. To avoid this problem, two simple thermal models, covering the extremes of thermal behavior, are often employed ( Lebofsky & Spencer 1989) . The models are widely used, so results are easy to compare. The two models apply to slow and fast rotators. The former (also known as the ''standard thermal model'' [STM ]) applies if the rotation is so slow (or the thermal inertia so low) that every point on the surface is in instantaneous equilibrium with the impinging solar radiation. In this case the temperature is a maximum at the subsolar point and decreases as cos # ð Þ 1 = 4 , where # is the local solar zenith angle. The latter (also known as the ''isothermal latitude model'' [ ILM ]) applies if the rotation is so fast (or the thermal inertia so high) that a surface element does not appreciably cool as it spins away from local noon and out of sunlight. The rotation axis is assumed to be perpendicular to the Sun-object-Earth plane. In this case the temperature only depends on the latitude of the surface element.
The other parameters to the models are , È mir , È vis , q, and . Emissivity for rocks is close to unity (Morrison 1973 ), and we assume ¼ 0:9 here (a common assumption, although it has only a small effect anyway). For È vis , we use the IAU-adopted H, G formalism (Bowell et al. 1989) . The slope parameter G ranges between 0.0 and 0.4 for almost all asteroids. We adopt G ¼ 0:05 AE 0:05 in light of recent results indicating that comets and cometrelated bodies have very steep phase curves (Fernández et al. 2000; Schaefer & Rabinowitz 2002; Sheppard & Jewitt 2002; Bauer et al. 2003; Jewitt & Sheppard 2004) . The value of G determines q, but since that has a minor effect on the modeling, we adopt q ¼ 0:3 (cf. Buratti et al. 2004) , which is the integral's value for G ¼ 0:05.
The choices of È mir and are often the most important determinants in deriving an accurate R and p. We have used the NEA Thermal Model (NEATM) devised by Harris (1998) to determine what to use for these quantities. This model's characterization of È mir and is the primary distinguishing difference from the pure STM. For È mir , Harris (1998) argued that a more sophisticated phase law is needed than the usual linear phase coefficient. His approach is to calculate a phase effect based simply on the surface integral of the thermal flux over the Earth-facing hemisphere. In our modeling, we employed this method and calculated the surface integral.
As for , the standard value of 0.756 ( Lebofsky et al. 1986 ) was originally derived for Ceres. However, recent work (Harris 1998 fit, and our modeling routines return values for three physical parameters, R, p R , and . Note, however, that a rigorous 2 analysis with three parameters requires four data points. Unfortunately, we have the necessary number of measurements (photometry at three mid-IR wavelengths plus one visible wavelength) for only two of our targets. For seven targets, we have three data points, and for 17 targets, we have only two data points. To overcome this, we proceed to ''fit'' the photometry as follows. For each of the seven targets with three points, we find the ranges of , R, and p such that a model spectral energy distribution would pass within 1 of all data points. For each of the 17 targets with two points, we assume two extreme values of , 0.7 and 1.3, and derive the ranges of R and p such that a model spectral energy distribution would pass within 1 of both data points. While this method cannot yield a rigorous ''fit'' and Gaussian error estimates, it Notes.-''Desig.'' = designation, r = heliocentric distance in AU, Á = geocentric distance in AU, = phase angle in degrees, k = wavelength or band of observation, F k = flux density in magnitudes for visible wavelengths and millijanskys for infrared wavelengths, and n = number of measurements used. a A light-curve effect of 0.09 mag was noted in the R-band photometry. b Flux is 1 away from that published by us earlier ( Fernández et al. 2001 ). c Flux is !1 away from that published by us earlier ( Fernández et al. 2001 ). For 2000 OG 44 , this is due to a large downward revision in the adopted flux for calibrator Peg. For 2000 PG 3 , this is due to an error we found in the original reduction. For 2000 SB 1 , the flux is within 2 of the old value.
d The R-band magnitude changed by +0.1 mag between the times that the two infrared wavelengths were observed. Hence, this 17.9 m flux density was multiplied by 1.1 before modeling.
e A significant light-curve effect was noted at all three wavelengths. See x 4 for details. f This is a 3 upper limit. Notes.-''N'' gives the number of wavelengths used in the analysis and is equal to the number of mid-IR wavelengths plus one (the one visible wavelength), ''S?'' indicates whether the mid-IR and visible data were obtained simultaneously, R is the effective radius in kilometers, p R is the R-band geometric albedo, and is the beaming parameter, with parentheses indicating assumed values.
a Radius and albedo are derived from the average of mid-IR fluxes measured on two nights. b Published light curves of this object let us derive the rotational context of our nonsimultaneous observations. c Radius and albedo are 3 upper and lower limits, respectively. Lower values of result in lower radii and higher albedos.
does provide some measure of the systematic uncertainty in the physical quantities.
With the photometry from Table 4 and the thermal model described here, we derive and list in Table 5 the resulting values for R, p R , and . Table 5 also lists the number of data points (''N'') that were used for the fit. Note that our modeling scheme has changed since we published observations of the six original objects (Fernández et al. 2001) . The primary difference is that we now use NEATM's style for estimating infrared phase darkening, and we use the slope parameter G (Bowell et al. 1989 ) for estimating visible phase darkening. We believe this provides a more realistic estimate of phase effects than the linear phase laws used in our older work. Since we observed many targets at moderate or high phase angle, this can have a significant effect on the final radius and albedo.
NOTES ON SPECIFIC OBJECTS
Of our 26 targets, 19 were observed simultaneously in both wavelength regimes (''Y'' in the ''S?'' column in Table 5 ). Of the remaining seven, in all cases but one (mentioned below), extensive light-curve data that would have let us remove the rotational effects unfortunately did not exist. However, in each case we did correct the visible magnitude for the different observing geometries (r, Á, and ) of the two epochs, and the results in Table 5 reflect this.
2000 OG 44 .-In our earlier work we had assumed that 0:75 1:25, whereas our current modeling lets vary as another parameter to be fit. We find that 0:4 0:6 better satisfies this object's photometry. Qualitatively, a lower beaming parameter implies that there is more beaming and that the surface is probably rougher. (Conversely, a higher implies less beaming and more thermal inertia, placing more of the thermal emission on the object's dark side.) More beaming and roughness imply that the surface temperature is higher. Thus, for a given measured mid-IR flux, one needs a smaller radius to explain it, which propagates to needing a larger albedo to explain the visible photometry. Thus, 2000 OG 44 's geometric albedo is larger than what we derived in our earlier work.
2000 PG 3 .-The fluxes are incompatible with NEATM for reasonable values of the beaming parameter and geometric albedo. A rapid-rotator model nominally fits the data better, but we believe this is an unlikely explanation; Delbó et al. (2003) observed this object at five mid-IR wavelengths and, while they were also unable to constrain , their photometry is much closer to that of a NEATM than a rapid-rotator model. Since our visiblewavelength photometry does not fully overlap in time our mid-IR observations, it is possible that the mid-IR data show a lightcurve effect.
The radius and albedo reported in Table 5 are based on the 12.5 m photometry alone, since this data point is less prone to systematic problems. In comparison, Delbó et al. (2003) derived a radius of 2:3 AE 0:3 km and a geometric albedo of 0:042 AE 0:013, in agreement with our results. An analysis of our data based on the 20.8 m photometry alone would yield a radius of 2:7 AE 0:2 km and an albedo of 0:028 AE 0:005.
2000 VU 2 and 2000 YN 30 .
-No visible wavelength data at all were obtained for these objects. Therefore, we assumed that the known V-band absolute magnitudes H ¼ 13:2 and 17.2, respectively, were valid, and from these numbers estimated potential R-band magnitudes. We assumed a V À R color of 0.4 and assigned a generous error estimate of AE0.5 mag to each magnitude.
2001 OG 108 .-Abell et al. (2005) present extensive data and analyses of this object, which was briefly active (and so received a cometary designation) for only a few months around perihelion in early 2002. They discuss the nucleus's radius, shape, albedo, rotation period, and spectral reflectance, including asteroid and meteorite affinities. All data (including ours) were obtained before cometary activity initiated. The same data presented here are presented by those workers. The albedo that they report is lower than that listed in Table 5 , owing to the use of % 1 in earlier modeling. As shown in Table 5 , our latest modeling indicates that smaller beaming parameters better satisfy the photometry.
2001 TX 16 .-Our mid-IR and visible photometry of this object were not taken simultaneously, but we can derive a robust radius and albedo using other reports of this object's light curve. P. Pravec (2004, private communication) has found that a rotation period of 4:80070 AE 0:00004 hr satisfies light-curve observations by Yang et al. (2003) and F. Hroch (2004, private communication) 4 that took place within a few months of our observations. The peak-to-valley range of the light curve is 0.5 mag.
Our observations were taken on UT 2001 November 2 and 16, with the two start times of the nights' data being 334.15 hr apart. This corresponds to 69:6044 AE 0:0006 rotations. On November 16 we saw 0.41 mag of brightening just in the half-hour of observations, which strongly limits the possible rotation phases for our visible data, since only at certain points in the rotation would we see a change that is almost the full range of the light curve.
Using the phased light curve presented by Yang et al. (2003) as a reference, we find that the best solution is for our visible data on November 16 to have been taken over phase 0.2-0.3, which places our infrared data on November 2 at phase 0.6-0.8. We have incorporated this rotational context into our modeling, and the radius and albedo in Table 5 reflect this.
While typical values of satisfy the photometry, we also found that beaming parameters as high as 3 were adequate as well. This was the only object for which we found that a very high beaming parameter was possible.
2002 CX 58 .-This object was observed at a very high phase angle. Delbó et al. (2003) suggest that the apparent best-fitting value of increases with . Thus, perhaps our assumed range is not applicable. Assuming instead that 1:5 < < 2:1 yields an effective radius of 0:083 AE 0:007 km and a geometric albedo of 0:078 AE 0:014. Note also that a high would be consistent with the idea of subkilometer asteroids with very fast rotation periods (Whiteley et al. 2002) having high thermal inertia.
2003 UL 12 .-This was the only target in the sample that we did not detect in mid-IR wavelengths. We used the 3 upper limit to the 11.7 m flux to calculate an upper limit to the effective radius and a lower limit to the geometric albedo. Since albedo decreases as beaming parameter increases, we have chosen the upper bound on our adopted range for to find the lowest possible lower limit to p R . Figure 2 shows the histogram of albedos from Table 5 . It includes the six other published albedos of asteroids with T J < 3. These six are (3360) 1981 VA with p ¼ 0:10 AE 0:03 ( Veeder et al. 1989 ), (3552) Don Quixote with p ¼ 0:020 AE 0:006 (Veeder et al. 1989) , (20461) Dioretsa with p ¼ 0:03 AE 0:01 ( Harris et al. 2001) , (20898) Fountainhills with p ¼ 0:051 AE 0:003 ( Tedesco et al. ), 1983 VA with p ¼ 0:067 AE 0:006 (Tedesco 1992) , and (53319) 1999 JM 8 with p ¼ 0:020 AE 0:006, as derived from the known radar diameter and known absolute magnitude (Benner et al. 2002b ).
DISCUSSION

Albedo Distribution
With our 25 albedos (excluding the lower limit of 2003 UL 12 ), there are now 31 albedos known among the T J < 3 population. This sample is by no means unbiased, since it includes several objects that are of particular focused interest. However, the pseudorandom scheduling of our observing runs did force us to observe more ''typical'' members of the T J < 3 population. Figure 2 shows a wide range of albedos among the population, with a mode near 0.05. We can estimate the fraction of objects with comet-like albedos by setting an upper bound to a cometary albedo. The current distribution of known cometary albedos is shown in the bottom panel of Figure 2 , taken from the review by Lamy et al. (2004) and with 81P/ Wild 2 added in (Brownlee et al. 2004) . Note that the mean cometary albedo is 0:033 AE 0:006, slightly darker than the mode of the T J < 3 asteroids.
We have placed our upper bound of ''comet-like'' at 0.075, reasoning as follows. The known range is 0.02-0.06, but the error in an albedo measurement is frequently understated; a more realistic error bar of roughly 30% has been suggested (Delbó et al. 2003) , given systematic uncertainties inherent in simple thermal modeling. Thus, to account for the large error bar and any future expansion of the range beyond the limited sample, we believe it is prudent to set an upper bound above 0.06.
Note that the measurements of cometary albedos have been reported variously in the V band and R band. Comets have red colors, so R-band albedos should be generally higher than V-band albedos. In principle, this should be accounted for in our analysis, but a $30% uncertainty makes any difference between V-and R-band albedos statistically insignificant. For our purposes here we cap a cometary albedo in the R-band p R at 0.075.
With the 32 albedos in hand, it is a simple matter to estimate the number n and the fraction f of objects in comet-like orbits that have comet-like albedos. To propagate the errors on the individual albedos into the calculation of n and f, we use a Monte Carlo technique. We find n ¼ 20:4 AE 1:7 objects, translating to f ¼ 63:8% AE 5:3%. Our lower limit object, 2003 UL 12 , is above the threshold. This number changes little if we arbitrarily apply a blanket 30% error bar to all objects.
Trends
A plot comparing the albedos of asteroids with their Tisserand values is shown in Figure 3 . All 26 of our T J < 3 objects are plotted, as are the six from the literature. On the T J > 3 side, 57 objects are plotted, 56 of which are NEAs (the other is a UA).
The figure dramatically demonstrates the dichotomy of asteroid albedos as a function of dynamical class. Whereas about 64% of low-Tisserand objects have comet-like albedos (as calculated in the previous subsection), that property is shared by only about 10% of the high-Tisserand NEAs. While it is likely that there are many dark high-Tisserand NEAs whose albedos await measurement, it seems unlikely that the discovery bias for high-Tisserand objects is so severe that a true bright-to-dark ratio of 1 : 2 (i.e., equivalent to the low-Tisserand ratio) could be measured as 9:1.
All objects with T J < 2:6 seem to have comet-like albedos (within the error bars). Given the population statistics shown in Figure 1 , probably many of these objects are dormant or extinct comets. Objects in the transition region 2:6 T J 3:1 show the largest spread in albedos, suggesting that this dynamical region is populated by a variety of sources. We conclude from Figure 3 that the asteroid albedo distribution is strongly correlated with the dynamics.
We find no other clear trends of the albedos with other orbital elements and parameters. The albedos and radii of all 32 T J < 3 objects are plotted in Figure 4 . There is some indication of a trend of higher albedos with smaller radii, but the correlation is not formally significant. In any case, observational limitations affect the discovery of dark versus bright small objects.
NEAs
In our sample of 26 objects, six are NEAs (one of which is also a Damocloid). Among the six other objects from the literature, four are NEAs (1981 VA, 1983 VA, 1999 , and Don Quixote), giving 10 NEAs in total. If we perform the same procedure on this subsample as we did in x 5.1, we find that 55% AE 8% of the 10 NEAs have comet-like albedos. If we apply a standard 30% error bar to all albedos, the percentage becomes 53% AE 9%, which we consider to be a better estimate.
As we stated in x 1, about 7% of all known NEAs are in cometlike orbits. Multiplying the two percentages together, we find that about 4% of all known NEAs have both comet-like orbits and albedos. This represents an estimate of the fraction of dormant or extinct comets in the known NEA population.
Four important effects can affect this estimate, however. First, since two of the approximately 40 known near-Earth JFCs are actually not in ''comet-like'' orbits, we know that there may be some dormant objects on the other side of the Tisserand threshold. Second, we do not yet have a good estimate of the near-Earth HFC-LPC population or of the Damocloid population. Among the 10 NEAs in the entire T J < 3 sample, one (2001 OG 108 ) is a ( Brownlee et al. 2004) . Clearly, the spread of asteroid albedos is larger, although there are objects as dark as the active nuclei.
Damocloid, and indeed this object has since reactivated. Third, the estimate assumes that the NEA discovery rate reflects the true distribution of high-and low-albedo objects. It is likely that the average albedo of the known NEAs is higher than the true value of the entire population . Fourth, not all NEAs with comet-like orbits and albedos need necessarily be former comets, since mechanisms have been identified to transport low-albedo main-belt objects into near-Earth space Morbidelli et al. 2002) . The fraction of dormant and extinct comets among the NEAs could shift higher or lower depending on which of these effects dominates the current bias. Nonetheless, it is interesting to note that Bottke et al. (2002) estimate through dynamical studies that 6% AE 4% of NEAs are dormant or extinct comets, in agreement with our observational findings.
The results of Bottke et al. (2002) and Morbidelli et al. (2002) also give insight into the relative fraction of low-(vs. high-) albedo NEAs; specifically, their model can predict that fraction for the NEAs with T J < 3. For each grid point in (a, e, i) space that yields an NEA, Bottke et al. (2002) have assigned a probability of that object coming from five possible source regions, as well as the relative population of NEAs at the grid point itself. From that compilation it is straightforward to derive the statistically expected source regions of all NEAs with T J < 3. The result is that they predict that 30% come from JFCs, 38% from the 3:1 mean-motion resonance with Jupiter, 24% from the outer main belt, 6% from the 6 resonance, and 1% from the intermediate Mars crossers. Since this model did not account for cometary nongravitational forces, the cometary contribution has uncertainty, but it seems likely that three source regions are primarily responsible for providing NEAs with T J < 3. Morbidelli et al. (2002) assigned albedo distributions to these source regions in their Table 3 ; they defined a ''low'' albedo as anything below 0.089. The fraction of low-albedo T J < 3 NEAs is then just the product of a source region's contribution to the population times the fraction of low-albedo objects in the source region, summed over all five source regions. The answer is that the model predicts that 46% of T J < 3 NEAs should have low albedos.
Above we derived that about 53% of the 10 NEAs in the T J < 3 sample had low albedos, but this was with a more restrictive definition of ''low. '' Furthermore, this The fraction of objects with comet-like albedos differs greatly from one side of the dynamical boundary to the other. A large fraction of the T J < 3 objects have comet-like albedos. The T J > 3 asteroid albedos come from the following sources: Morrison et al. (1976) , Cruikshank & Jones (1977) , Lebofsky et al. (1978 Lebofsky et al. ( , 1979 , Green et al. (1985) , Tedesco & Gradie (1987) , Bell et al. (1988) , Veeder et al. (1989) , Tedesco (1992) , Hudson & Ostro (1995) , Mottola et al. (1997) , Pravec et al. (1997) , Harris (1998) , Harris et al. ( , 2001 , Harris & Davies (1999) , Tedesco et al. (2002) , Benner et al. (2002a Benner et al. ( , 2002b , Delbó et al. (2003) , Sekiguchi et al. (2003) , and Müller et al. (2004) . There are 14 cometary albedos plotted, taken from the list of Lamy et al. (2004) with 81P/ Wild 2 added by Brownlee et al. (2004 Brownlee et al. ( ). et al. (2002 and Morbidelli et al. (2002) . However, it is clear that a more extensive survey of NEA albedos is needed to place a more robust observational constraint on this fraction.
As a final exercise, we can use the dynamical model of Bottke et al. (2002) to determine the predicted source region for the nine NEAs in the entire T J < 3 sample (excluding 2001 OG 108 ). Two objects ( Don Quixote and 2000 PG 3 ) would have an over 90% chance of coming from the JFCs, but the remaining seven objects would have between a 0% and a 37% chance and would be more likely to come from another source region. However, it is important to note that nongravitational forces play an important role in determining what orbit a comet is in once it becomes dormant or extinct. This is epitomized by the existence of comets 2P/ Encke, 107P/ Wilson-Harrington, and possibly 133P/ ElstPizarro as well. Bottke et al. (2002) would predict that 2P and 107P have a 0% and 4% chance, respectively, of coming from the JFC population. There are several other active JFCs for which Bottke et al. (2002) would predict that an asteroid in the same part of (a, e, i) space would have a roughly comparable chance of coming from either the outer main belt or the JFC population. While the Bottke et al. (2002) model provides testable predictions, effects of nongravitational forces leave murky the question of the dormant and extinct comet fraction within the NEAs. Nongravitational forces are a necessary component to understand cometary dynamics (Harris & Bailey 1998; Fernández et al. 2002a ).
SUMMARY
We have performed a mid-IR survey of 26 near-Earth and unusual asteroids (NEAs and UAs) in comet-like orbits. Such an asteroid is one whose orbit has T J < 3 (and that is not a member of the main belt, Hildas, Cybeles, or Trojans). We calculated effective radii and R-band geometric albedos for all targets (one of which has 3 limits). This has increased the known sample size to 32. We have reached the following conclusions:
1. We find that 64% AE 5% of the 32 objects have cometlike albedos. A ''comet-like'' albedo is one with a value in the Cousins R band under 0.075. Asteroids in comet-like orbits with comet-like albedos are considered dormant or extinct comet candidates. Indeed, one of our candidates, 2001 OG 108 , reactivated a few months after our observations.
2. There is a very strong trend of albedo with Tisserand parameter. Nearly all objects in the sample with T J < 2:6 have comet-like albedos. The largest spread in albedos occurs near the dynamical threshold T J ¼ 3. Of the almost five dozen known albedos among NEAs with T J > 3, only 10% are comet-like.
3. Of the 26 objects in our sample, six are NEAs, bringing the number of known albedos among NEAs with T J < 3 to 10. Of those 10, 53% AE 9% have comet-like albedos. Since 7% of all discovered NEAs have T J < 3, we calculate that 4% of all known NEAs are extinct comets. This is consistent with the prediction of Bottke et al. (2002) and Morbidelli et al. (2002) . However, nongravitational forces likely must be accounted for in dynamical calculations ( Fernández et al. 2002a) . A more thorough observational approach, one that improves on the limited sample we have presented here by studying a large, unbiased sample of NEAs, is warranted. The subkilometer objects have a higher albedo, on average, than the other objects, although this may be due to discovery bias. There is no significant trend among the asteroids larger than 1 km.
